Patients carrying mutations in BRCA1 or BRCA2 tumor suppressor genes have shown to have high risk in developing breast and ovarian cancers. Two potential functions of BRCA2 were proposed which includes role in the regulation of transcription and also in DNA repair. Forty-®ve-amino acid region encoded by exon 3 of BRCA2 was shown to have transcriptional activation function. Recent studies of the several enzymes involved in acetylation and deacetylation of histone residues have revealed a possible relationship between gene transcriptional activation and histone acetylation. Since BRCA2 appear to function as a transcriptional factor, we have tested for Histone acetyl transferase (HAT) activity of BRCA2. Here, we present evidence that BRCA2 has intrinsic HAT activity, which maps to the aminoterminal region of BRCA2. Our results demonstrate that BRCA2 proteins acetylate primarily H3 and H4 of free histones. These observations suggest that HAT activity of BRCA2 may play an important role in the regulation of transcription and tumor suppressor function.
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Keywords: BRCA2; histone acetyl transferase; proteinprotein interaction; tumor suppressor Alterations in BRCA1 and BRCA2 tumor suppressor genes have been shown to be involved in 90% of familial breast cancers (Newman et al., 1988; Miki et al., 1994; Easton et al., 1993; Wooster et al., 1994; Wooster and Stratton, 1995) . Recent studies revealed that both BRCA1 and BRCA2 are involved in ovarian and prostate cancers. Interestingly, BRCA2 was found to be more associated with male breast cancer compared to BRCA1 (Wooster et al., 1994) . Patients with BRCA2 mutations were also found to be at a higher risk with a variety of other cancers including carcinomas of pancreas, prostate and colon (Thorlacius et al., 1996; Phelan et al., 1996; Gudmundsson et al., 1995; Tonin et al., 1995) . The BRCA2 gene is composed of 27 exons and encodes a protein of 3418 amino-acids with no signi®cant homology to any known protein Bork et al., 1996) . BRCA2 and BRCA1 proteins have been shown to interact with Rad 51 which suggests that they play a role in DNA repair (Scully et al., 1997; Sharan et al., 1997; Zhang et al., 1998) . BRCA1 was also shown to induce apoptosis suggesting that BRCA proteins may play a role in the regulation of apoptosis of cells Rao et al., 1996) . It remains to be seen whether BRCA2 plays a similar role in apoptosis.
Interestingly, both BRCA1 and BRCA2 gene products are regulated in a cell cycle-dependent manner and have a potential transactivation function (Rajan et al., 1996; ' Vaughn et al., 1996; Chapman and Verma, 1996; Monteriro et al., 1996; Milner et al., 1997; Wang et al., 1997; Cui et al., 1998a) . Recently, we have shown that BRCA1 proteins interact with transcriptional coactivator CBP suggesting that BRCA1 has a role in the regulation of transcription (Cui et al., 1998b) . Exon 3 of BRCA2 was found to have weak homology with transcriptional factor c-jun and also shown to activate transcription in mammalian cells (Milner et al., 1997) . These results suggest that BRCA2r has a role in the regulation of gene expression.
Recent studies of the several enzymes involved in acetylation and deacetylation of histone residues have revealed a possible relationship between gene transcriptional activation and histone acetylation Parthun et al., 1996; Yang et al., 1996; Orgyzko et al., 1996; Mizzen et al., 1996; Roth and Allis, 1996; Wade and Wole, 1997; Pazin and Kadonaga, 1997; Wole, 1997) . This view is supported by the identi®cation of Histone acetyl transferase (HAT) activity associated with several transcription factors including p300/CBP, GCN5-related factors, p/ CAF, SRC-1 and TAF II 250. These results suggest that some transcriptional activators operate by disrupting the nucleosomal structure through acetylation of histones leading to the activation of gene expression.
Here, we report for the ®rst time that the aminoterminal region of BRCA2 has intrinsic HAT activity from which it may be inferred that BRCA2 joins the above list of transcriptional activators/factors that possess HAT activity. This intrinsic BRCA2-HAT activity may play a key role in the tumor suppressor function of BRCA2.
Recently, we have cloned an alternatively spliced isoform, BRCA2a. This variant BRCA2a lacks a transcriptional activation domain (exon 3) as a result of alternative splicing (our unpublished results). In order to test the HAT activity of BRCA2, we have expressed the amino-terminal region of BRCA2 (aa 1 ± 500) and its isoform BRCA2a (aa (1 ± 18)-(105 ± 500)) as GST-fusion proteins in bacteria by cloning appropriate BRCA2 cDNA fragments into a GST expression vector (Our unpublished results). Puri®ed recombinant proteins of BRCA2 and BRCA2a were assayed for histone acetyl transferase activity. Aminoterminal domains of both BRCA2 and BRCA2a clearly demonstrated histone acetyl transferase activity ( Figure  1 ). Control samples where BRCA2 or BRCA2a was replaced with bovine serum albumin (BSA) showed no signi®cant HAT activity. Similar control experiments where histones were replaced by BSA (lysine rich nonhistone protein) also failed to show signi®cant acetyl transferase activity. This suggests that BRCA2 proteins show speci®c acetyl transferase activity to histones (Figure 1) . Therefore, we conclude that BRCA2 per se is a histone acetyl transferase. Since the amino-terminal region of BRCA2 and BRCA2a show HAT activity, we conclude that the exon 3 (aa 18 ± 105) responsible for the transactivation function of BRCA2 is not needed for HAT activity function. These results suggest that the transactivation and HAT functional domains of BRCA2 do not overlap with each other (Figure 2) .
In order to determine which histones are acetylated by BRCA2 proteins, we have carried out HAT assay with free core histones and analysed the resulting products by SDS-polyacrylamide gel electrophoresis followed bȳ uorography. Our results demonstrate that BRCA2 proteins acetylated primarily H3 and H4 of free histones (Figure 3) . We have also con®rmed these results using individual free histones (data not shown).
In order to determine the HAT activity associated with BRCA2 in vivo, we have carried out immunoprecipitation HAT assay. Immunoprecipitation of BRCA2 from whole cell extracts was tested for acetyl transferase activity. Our results demonstrate that immunoprecipitated BRCA2 carries acetylase activity speci®c for histones (Figure 4) . These in vitro and in vivo results support the conclusion that BRCA2 has intrinsic HAT activity. It is conceivable that as in the case of CBP/p300 (which shows intrinsic HAT activity), transcriptional activators recruit BRCA2 and utilize its intrinsic HAT activity for their transcriptional activation properties. It is also possible that BRCA2 also in turn recruits other factors (like p/CAF, p300/CBP) that possess distinct HAT activity and thereby disrupt the nucleosomal structure through their cooperative HAT activity. This results in the activation of gene expression interacts with CBP both in vitro and in vivo. Therefore, it is tempting to speculate that the target genes of BRCA2 play key roles in growth inhibition, dierentiation and apoptosis. Identi®cation of these genes may provide clues to the role of BRCA2 in neoplasia. Because of its large size, it is conceivable that BRCA2 has multicellular functions which include DNA repair, transcriptional activation, HAT etc. It is possible that BRCA2/Rad 51 Complex may use HAT activity to disrupt the nucleosomal structure to recognize Figure 1 BRCA2 has intrinsic HAT activity. The amino-terminal region of BRCA2 (aa 1 ± 500) and BRCA2a ((1 ± 18)-(105 ± 500)) were expressed as GST fusion proteins in bacteria and subsequently puri®ed. HAT assays were caried out as described but with slight modi®cation Herrera et al., 1997) . Approximately 50 ± 100 ng of GST-fusion proteins of BRCA2 and BRCA2a were used to acetylate 15 mg of core histones (Boehringer Mannheim) in the presence of Immunoprecipitations (IP) were performed from NIH3T3 whole cell extract with either anti-BRCA2 (Santa Cruz) antibody or preimmune serum. These IPs were tested for their ability to acetylate free histones as described above. Pre-immune serum served as a negative control Figure 3 Acetylation pro®le and Substrate speci®city of BRCA2 and BRCA2a. Recombinant BRCA2a (aa 1 ± 500) (lane 1) and BRCA 2 ((1 ± 18)-(105 ± 500)) (lane 2) were incubated with core histones as described above. 
